Abstract-This paper presents an efficient human recognition system which makes use of vein patterns obtained from the back of the hand. It has used a new reflection-based image capturing environment to ensure high quality images through least effort and cost. The proposed recognition system automatically detects the region of interest (ROI) from the image and does the necessary preprocessing to extract features. Extracted features from ROI are compared to obtain the matching score and to take the decision. It is tested on a data set of 4950 images collected from 990 individuals. The accuracy of the recognition system is found to be 99.11% with a false acceptance rate of 0.4%.
I. INTRODUCTION
The existent biometric traits with variable capabilities have proven successful over time. Traits like Face, Ear, Iris, Fingerprints, Signatures etc., have dominated the world of biometrics over the years. But each of these biometric traits has its shortcomings. Ear and iris pose a problem during sample collection. Not only is the iris based system expensive but it also needs high attention or otherwise it has a high failure to enroll rate. In case of ear data, it is hard to capture a non-occluded image in real time environment. In face recognition systems, there exist some limitations like effects of aging or background, etc [13] . Fingerprints, though reliable and accepted worldwide, still lack automation and viability as they are also susceptible to wear and aging. Further, signatures are liable to forgery.
Vein patterns, on the other hand, have the potential to surpass most of the above mentioned issues. Apart from the size of the pattern, the basic geometry always stays the same. Unlike fingerprints, veins are located underneath the skin surface and are not prone to external manipulations. Vein patterns are also almost impossible to replicate because they lie under the skin surface [8] .
Reflection based techniques for capturing veins from the back of the hand have been suggested in [1] [3] [15] while Watanbe [18] has collected templates from the front. Badawi [1] has also tried to establish the uniqueness of vein patterns using patterns from the palma dorsa. The data acquisition technique mentioned in [1] is based on a clenched fist holding a handle to fix the hand during image capture. This technique, however, has limitations with respect to orientation of the hand. Substantial works in this field have been done by Wang and Leedham [15] [16] [17] . In these, thermal imaging of the complete non fisted hand has been done using infrared light sources. Generally, near infra-red lamps of intensity-value ranging from 700nm to 900 nm in wavelength are used to design such a system [16] . It has been observed that the images captured through a reflection based system, as proposed in [15] , would never produce consistent results owing to excessive noise generated due to unnecessary surface information unless an apt noise removal algorithm is applied. A system of capturing images from the front of the hand has been proposed in [14] . However, in this case the palm prints may interfere with the pattern of the veins.
Numerous attempts have also been made in the recent past to capture vein templates and successfully employ them as recognition traits [3] [11] . There are nooks and flaws with either the image processing techniques employed or the matching strategies that are used. Importantly, it can be noted that the failure to enroll (FTE) rate, which is an important parameter for any biometric trait, is never reported by any of the recent research papers.
Failure to enroll rate is the percentage of the population which fails to complete the enrollment for a biometric solution or application. Failure can be due to physical differences, to lack of training, environmental conditions or ergonomics. It is mandatory in the current practical scenario to consider the FTE for every proposed system. If any system requires extensive training for its usage or fails to collect usable data consistently-it shouldn't qualify. This can be envisioned or presumed as the reason for small sample sizes in [1] This paper has introduced vein patterns from the back of the hand to design a robust biometric system. it has presented a hardware set-up of an immaculate acquisition model, an automated segmentation technique, an effective noise removal method, a new feature point selection approach and an accurate matching technique.
The proposed system has been tested on a sizable database of 4950 images from 990 subjects and has achieved an accuracy of 99.11% with a very low FAR of 0.4%. The system is found comparable to previous ones with significant additional improvements.
